















Asymptotic correction of empirical Bayes confidence intervals and its application 
to small area estimation 
 




This paper addresses the issue of constructing a confidence interval of a small area   
mean in a random effect or mixed effects linear model.  A crude confidence interval 
based on the empirical Bayes method has the drawback that its coverage probability is 
much less than a nominal confidence coefficient.  For improving on this confidence 
interval, the paper provides the procedure of adjusting the critical value, and the 
resulting confidence interval has a coverage probability which is identical to the 
nominal confidence coefficient in second order asymptotics when the number of small 
areas is large. The proposed confidence interval is numerically investigated based on 
simulation experiments and applied to posted land price data.  These numerical 
studies illustrate the practical usefulness of the proposal. ܦݧϕΠζ৴པ۠ؒͷ઴ۙิਖ਼ͱখ஍Ҭਪఆ΁ͷԠ༻
࡫੉ɹ٢ོ∗ ٱอ઒ ୡ໵∗†
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͜ͷઅͰ͸࣍ͷΑ͏ͳϞσϧΛѻ͏ɻશମͰ a ݸͷখ஍Ҭ͕͋Γɼi ൪໨ͷখ஍Ҭ͔Β ni ݸͷ
ඪຊ yi1,...,y ini ͕ͱΒΕ͓ͯΓɼi =1 ,...,a; j =1 ,...,n i ʹରͯ͠
yij =θi + εij,
θi =µ + αi
(2.1)






































θi Λ༩͑ͨͱ͖ͷ yij ͷ৚݅෇͖෼෍͕
yij|θi ∼N(θi,σ2
e)
ʹै͍ɼ฼਺ θi ͷࣄલ෼෍ π ͕
π : θi ∼N(µ,σ2
a)
ʹै͍ͬͯΔͱ͖ʹɼ͜ͷϕΠζϞσϧ͸มྔޮՌϞσϧ (2.1) ʹҰக͢Δɻ֬཰ม਺ͷ૊ {yij|i =









































































Ͱ༩͑ΒΕɼy1,...,ya, S1 ͷपล෼෍͸, S1 ͷࣗ༝౓͕
 a











a ͸ະ஌฼਺ͳͷͰɼy1,...,ya, S1 ͷपล෼෍ʹج͍ͮͯਪఆ͢Δඞཁ͕͋Δɻ
µ, σ2
a ͷෆภਪఆྔ͸ɼ




















































a = max{ˆ σ2
a, 0}
͕࢖ΘΕΔɻ΋͏̍ͭ͸ɼni ͕ҟͳΔͱ͖ʹ͸ ˆ σ2
a ͸Ұ༷࠷খ෼ࢄෆภਪఆྔʹ͸ͳ͍ͬͯͳ͍
఺Ͱ͋Δɻ͜Ε͸ɼni ͕ҟͳΔͱ͖ʹ͸౷ܭྔͷ׬උੑ͕ࣦΘΕΔͨΊҰ༷࠷খ෼ࢄෆภਪఆྔ
ΛٻΊΔ͜ͱ͕Ͱ͖ͳ͍͜ͱʹ༝དྷ͢Δɻ͔͠͠ɼn1 = ···= na = n ͷͱ͖ʹ͸ɼˆ σ2
a ͕Ұ༷࠷
খ෼ࢄෆภਪఆྔʹͳΔɻ
খ஍Ҭฏۉ θi ͷܦݧϕΠζਪఆྔ͸ɼϕΠζਪఆྔ ˆ θπ
i (µ,σ2
e,σ2
















e + niˆ σ2
a
(yi − y)
Ͱ༩͑ΒΕɼਪఆਫ਼౓ΛߴΊΔͨΊʹখ஍Ҭͷඪຊฏۉ yi Λ૯ฏۉ y ͷํ޲΁ॖখ͢Δૢ࡞Λ
ߦ͍ͬͯΔɻॖখؔ਺ ˆ σ2
e/(ˆ σ2
e + niˆ σ2





























(2.2) ͔Βɼy1 Λ༩͑ͨͱ͖ͷ θ1 ͷࣄޙ෼෍͸ɼ
θ1|y1 ∼N((1 − B)y1 + Bµ, V)
ͱͳΔͷͰɼ෼ࢄ੒෼ σ2
e, σ2
a ٴͼશମฏۉ µ ͕ط஌ͷͱ͖ʹ͸Ϟσϧ (2.1) ͷ΋ͱͰͷ৴པ܎਺





(1 − B)y1 + Bµ− zα/2V 1/2, (1 − B)y1 + Bµ+ zα/2V 1/2
 
Ͱ༩͑ΒΕΔɻͨͩ͠ɼzα/2 ͸ਖ਼ن෼෍ͷ্ଆα/2 ఺Λද͍ͯ͠Δɻ͜ΕΛ, Ҏ߱
IB(µ,σ2
e,σ2




a, µ ͸ະ஌฼਺Ͱ͋Δ͔ΒɼͦΕΒͷਪఆྔ ˆ σ2
a,ˆ σ2




IEB = IB(y,ˆ σ2
e, ˆ σ2
a): ( 1− ˆ B)y1 + ˆ By ± zα/2ˆ V 1/2 (3.2)





e + n1ˆ σ2
a
, ˆ V =ˆ σ2





e + n1ˆ σ2
a
(3.3)
Ͱ༩͑ΒΕΔɻ͔͠͠ɼ͜Ε͸ µ, B, V ΛͦΕΒͷਪఆྔͰஔ͖׵͍͑ͯΔͷͰɼඃ෴֬཰
P[θ1 ∈ IEB] ͸ 1−α ʹ͸ͳΒͳ͍ɻDatta et al. (2002), Basu et al. (2003) Ͱ͸ɼn1 = ···= na
Ͱ σ2
e ͕ط஌ͷͱ͖ʹɼzα/2 Λ t Ͱஔ͖׵͑ͯɼඃ෴֬཰͕ a ʹ͍ͭͯ઴ۙతʹ 1 −α ʹͳΔΑ
͏ʹ t Λௐઅ͢Δ͜ͱΛߟ͑ͨɻ͜͜Ͱ͸ɼn1,...,n a ͕౳͘͠͸ͳ͘ɼσ2
e ͕ະ஌ͱ͍͏ΑΓҰ
ൠతͳϞσϧ (2.1) ʹ͓͍ͯɼBasu et al. (2003) ͷ࿦๏Λ༻͍ͯ (3.2) Λमਖ਼͢Δ͜ͱʹΑͬͯɼ
a →∞ʹ͓͍ͯඃ෴֬཰͕ 1 − α + O(a−3/2) ͱͳΔΑ͏ͳ৴པ۠ؒΛߏ੒͠Α͏ɻ








5Λ༻͍Δ͜ͱΛߟ͑Δɻ͜͜Ͱɼˆ h ͸ɼ ˆ h = ˆ h(y1,...,ya,S 1)=Op(1) Ͱ͋ΔΑ͏ͳ y1,...,ya,
S1 ͷؔ਺Ͱ͋Γɼඃ෴֬཰͕ 1 − α + O(a−3/2) ͱͳΔΑ͏ʹɼ͜ͷؔ਺Λಛఆ͢Δ͜ͱ͕໨ඪ
ͱͳΔɻzα/2 ͷ୅ΘΓʹ zα/2{1+( 2 a)−1ˆ h} Λ୅ೖͨ͠৴པ۠ؒΛ
IAEB :( 1 − ˆ B)y1 + ˆ By ± zα/2{1+( 2 a)−1ˆ h}ˆ V 1/2 (3.4)
ͱ͓͘͜ͱʹ͢ΔɻҎ߱ɼ؆୯ͷͨΊʹ z = zα/2 ͱ͓͍ͯٞ࿦ΛਐΊΔɻ৴པ۠ؒ IAEB ͷඃ෴
֬཰͸ɼ
P [θ1 ∈ IAEB]= P
 
−z + G(−z) ≤ V −1/2{θ1 − (1 − B)y1 − By}≤z + G(z)
 
=E [Φ(z + G(z)) − Φ(−z + G(−z))] (3.5)
ͱද͞ΕΔɻͨͩ͠ G(z) ͸ y1,...,ya, S1, z ͷؔ਺Ͱɼ
G(z)= V −1/2
 























y − µ Λద౰ʹมܗ͢Δͱɼ͍ͣΕ΋ Lindeberg ͷ৚͕݅Έͨ͞Εͯத৺ۃݶఆཧ͕੒Γཱͭ͜
ͱ͔ΒΘ͔Δɻಛʹɼˆ σ2






ͱ Lindeberg ͷ৚݅Λ͔֬ΊΔ͜ͱ͕Ͱ͖Δɻ͜͜Ͱ χ2
1,1,...,χ 2
1,a−1 ͸ɼޓ͍ʹಠཱͳ֬཰ม
਺ͰͦΕͧΕࣗ༝౓̍ͷΧΠ̎৐෼෍ʹै͍ͬͯΔɻ·ͨ γj ͸ਖ਼ͷ࣮਺Ͱ͋Γɼ͢΂ͯͷ i ʹର


















































ˆ u2 + Op(a−3/2) (3.8)
ͳΔܗͰධՁ͞ΕΔɻͨͩ͠ɼˆ u1,ˆ u2 ͸ Op(1) ͷؔ਺Ͱɼ
ˆ u1 =
√
aV −1/2  
































6Ͱ༩͑ΒΕΔɻ·ͨɼ(3.6) ͷӈลͷୈ߲̎ΛධՁ͢ΔͨΊʹɼˆ V Λ V ͷपΓͰల։͢Δͱɼ
(ˆ V/ V)1/2 − 1=
1
2V
(ˆ V − V ) −
1
8V 2(ˆ V − V )2 +
1






)−7/2(ˆ V − V )4
ͱͳΓɼ͞Βʹ ˆ V Λ (σ2
e,σ2
a) ͷ·ΘΓͰల։͢Δͱɼ

































ˆ v2 + Op(a−3/2) (3.10)










































































































(z + G(z) − x)2φ  (x)dx (3.14)










(z + G(z) − x)2dx
=3 −1φ(31/2)G3(z)
7ͱධՁͰ͖Δ͕ɼ(3.13) ΑΓ G3(z)=Op(a−3/2) ͱͳΔɻैͬͯɼ










































ͱ͔͚Δ͜ͱ͕Θ͔Δɻ͜͜Ͱɼz = zα/2 Ͱ͋Δ͔ΒɼΦ(z)−Φ(−z)=1−α Ͱ͋Γɼ·ͨ (3.13)
ΑΓɼ


































ˆ h +2ˆ v2 − ˆ u2












−2ˆ v2 +ˆ u2
















a) ʹਪఆྔ ˆ σ2
e,ˆ σ2
a Λ୅ೖͯ͠
ˆ h = h(ˆ σ2
e, ˆ σ2
a)























−2ˆ v2 +ˆ u2






















































































































































a Λ༻͍ͨ ρ ͷਪఆྔ
͸ ˆ ρ =ˆ σ2
a/ˆ σ2
e Ͱ͋Γɼ͜ΕΛ h∗(ρ) ʹ୅ೖ͢Ε͹৴པ۠ؒ IAEB ͕ߏ੒Ͱ͖ͨ͜ͱʹͳΔɻIAEB
ͷதͷ ˆ B ͸ ˆ B(ˆ ρ) = (1 + n1ˆ ρ)−1 Ͱ͋Δ͜ͱΛࢥ͍ग़͢ͱɼҎ্ͷ݁Ռ͸࣍ͷ໋୊ͱͯ͠·ͱΊ
ΒΕΔɻ
















ͱද͞Εͯɼa →∞ͷͱ͖ʹ P[θ1 ∈ IAEB]=1− α + O(a−3/2) ͱͳΔɻ
ͯ͞ɼ෼ࢄ੒෼ σ2
a ͷෆภਪఆྔ ˆ σ2
a ͷܽ఺͸ਖ਼ͷ֬཰Ͱෛͷ஋Λͱͬͯ͠·͏͜ͱͰ͋Δɻͦ
͜Ͱɼˆ σ2
a Λ 0 Ͱଧͪ੾ͬͨਪఆྔ ˆ σ2+
a = max{ˆ σ2







a Λ ˆ σ2+
a Ͱਪఆͨ͠ͷͰ͸ෆे෼Ͱ͋Δɻͦ͜ͰɼKubokawa (2000),
Kubokawa-Saleh-Konno (2000) ͰఏҊ͞Εͨ σ2
e, σ2









(N − a)ˆ σ2
























(N − a)ˆ σ2








e , ˆ σ2TR
a ) ͕ෆภਪఆྔ (ˆ σ2
e, ˆ σ2























e >a +1ͷͱ͖ʹ͸ɼ(ˆ σ2TR
e , ˆ σ2TR




e ≤ a+1ͷͱ͖ʹ͸ɼˆ σTR
e = {(N −a)ˆ σ2
e +(a−1)(a+1) −1S2}/(N −1), ˆ σ2TR
a =ˆ σTR
e ˆ ρTR,
ˆ ρTR=2 N/(N 2−
 a
i=1n2
i) ͱͳ͍ͬͯΔɻ৴པ۠ؒ IAEB ʹ͓͍ͯɼˆ σ2











































P[θ1 ∈ IAEB] − P[θ1 ∈ ITR]
=E [I(θ1 ∈ IAEB) − I(θ1 ∈ ITR)]
=E
 











a−1 < (a +1 ) χ2
N−a/(N − a)
 
ͱධՁͰ͖Δɻͨͩ͠ɼू߹ A ʹରͯ͠ I(A) ͸ఆٛؔ਺Λද͓ͯ͠ΓɼA ͕੒Γཱͭͱ͖ʹ͸
I(A)=1 ,ͦ͏Ͱͳ͍ͱ͖ʹ͸ I(A)=0Ͱ͋Δɻෆ౳ࣜ (1 + γ0ρ)χ2








N−a − (N − a)
 
− (1 + γ0ρ)
 
χ2
a−1 − (a − 1)
 
>(a − 1){γ0ρ − 2/(a − 1)}





a−1 < (a +1 ) χ2
N−a/(N − a)
 
=P[|T| > (a − 1){γ0ρ − 2/(a − 1)}]
≤E
   |T|
(a − 1){γ0ρ − 2/(a − 1)}
 k 
=O(a−k/2)
ͱධՁ͞ΕΔɻैͬͯɼP[θ1 ∈ ITR]=P[θ1 ∈ IAEB]+O(a−k/2) ͱͳΔͷͰɼk ≥ 3 ʹͱΕ͹ɼ
O(a−1) ·Ͱͷ࣍਺ʹ͓͍ͯ͸̎ͭͷ৴པ۠ؒͷඃ෴֬཰͸ಉ౳ʹͳΔ͜ͱ͕Θ͔Δɻ
3.2 ໋୊ 3.1 ͷূ໌
͜͜Ͱɼ໋୊ 3.1 ͷূ໌Λ༩͑Α͏ɻh(σ2
e,σ2
a) = lima→∞ E
 
−2ˆ v2 +ˆ u2




ͱʹͳΔɻ(3.9), (3.11), (3.12) ͔Β
−2ˆ v2 +ˆ u2





































































































































(y − µ)(y1 − µ)]
Ͱ༩͑ΒΕΔɻҎԼͰ͸ɼ͜ΕΒͷ஋ΛݸʑʹධՁ͍ͯ͜͠͏ɻ



































C{S2 − (a − 1)σ2
e − σ2






















































































  N(N − 1)(a − 1)





























































































































































1], I42 = lima→∞ aE[(ˆ σ2
a−σ2
a)2y2











ͱͳΔ͜ͱ͸༰қʹΘ͔Δɻ࣍ʹ I42 ΛධՁ͍͕ͨ͠ɼˆ σ2

















=J1 + J2 (3.30)
ͱ෼ղ͢ΔͱɼJ1 ͸ (3.25) ͔Β
J1 = lim
a→∞aV ar(ˆ σ2












C{S2 − (a − 1)σ2
e − σ2



















































































































































1(1 − 2n1/N + n2



















΂ͯ O(a−3/2) Ͱ͋Δ͔Βɼ݁ہ J2 =0ͱͳΔͷͰɼ
I42 = J1 =( 3 .31) (3.35)


































࠷ޙʹɼµ =0ͱͯ͠ I5 Λܭࢉ͠Α͏ɻˆ σ2



























































































































ͱද͞ΕΔ͕ɼ͜Ε͸ O(a−2) Ͱ͋ΔͷͰɼI5 =0ͱͳͬͯ͠·͏ɻ
Ҏ্ͷܭࢉ݁Ռ (3.26), (3.27), (3.28), (3.37) ͱ I5 =0Λ (3.21) ʹ୅ೖ͢Δͱɼ໋୊ 3.1 ͷࣜ
ΛಘΔ͜ͱ͕Ͱ͖Δɻ
4 ࠞ߹ઢܗϞσϧ΁ͷ֦ு
ͯ͞ɼલઅͰٻΊͨ݁ՌΛࠞ߹ઢܗϞσϧ΁֦ு͢Δ͜ͱΛߟ͑Α͏ɻલઅͱಉ༷, શମͰ a ݸ
ͷখ஍Ҭ͕͋Γɼi ൪໨ͷখ஍Ҭ͔Β ni ݸͷඪຊ yi1,...,y ini ͕ͱΒΕ͓ͯΓɼ֤ yij ʹ͸ڞม
ྔ xij ͕ଘࡏ͍ͯͯ͠ɼi =1 ,...,a; j =1 ,...,n i ʹରͯ͠




ͱͳΔΑ͏ͳࠞ߹ઢܗϞσϧΛѻ͏ɻ͜͜Ͱɼޡ߲ࠩ  ij, ஍ҬޮՌ αi ͸ޓ͍ʹಠཱͳ֬཰ม਺
Ͱɼεij ∼N(0,σ 2
e), αi ∼N(0,σ 2
a) ʹै͍ͬͯΔɻ·ͨ ڞมྔ xij ͸ m× 1 ͷط஌ͷϕΫτϧͰ
͋Δͱ͠ɼxt
ij ͸ xij ͷసஔΛද͢΋ͷͱ͢Δɻβ ͸ճؼ܎਺ϕΫτϧͰɼ͢΂ͯͷখ஍ҬΛ௨͠
ͯڞ௨ʹઃఆ͞Ε͍ͯΔɻ1 ൪໨ͷখ஍Ҭʹ͍ͭͯڞมྔ x ͕༩͑ΒΕͨͱ͖ʹɼ
θ1 = xtβ + α1
15ͷ৴པ۠ؒΛߏ੒͢Δ໰୊Λߟ͑Α͏ɻಛʹ x = x1 ͷͱ͖ʹ͸ɼ̍൪໨ͷখ஍Ҭͷฏۉ஋Λҙ
ຯ͍ͯ͠Δɻ





































































a,β) ͕ط஌ͷͱ͖ʹ͸ɼ৴པ܎਺ 1−α ͷ θ1 ͷ৴པ۠ؒ͸




Ͱ༩͑ΒΕΔ͜ͱʹͳΔɻͨͩ͠ɼB, V ͸ (3.1) Ͱఆٛ͞Ε͍ͯΔɻ
࣍ʹɼະ஌฼਺ σ2
e, σ2
a, β Λ (4.2) ͔Βਪఆͯ͠ (4.3) ʹ୅ೖ͢Δɻσ2

















j=1(xij −xi)(xij −xi)t ͷϥϯΫΛද͓ͯ͠Γɼ௨
ৗ͸ઢܗϞσϧ (4.1) ͕ఆ਺߲Λ΋ͭͱ͖ʹ͸ λ =1 ,΋ͨͳ͍ͱ͖ʹ͸ λ =1ͱͳΔɻ·ͨ   β1
͸ JB ʹ͓͚Δ β ͷ࠷খ̎৐ਪఆྔΛද͍ͯ͠Δɻ(4.2) ͔Β,ˆ σ2
e ͸ y1,...,ya ͱಠཱʹ෼෍͠ɼ

















  β2 =












i  β2)2 (4.5)
16ͱ͓͘͜ͱʹ͢ΔɻS2 ͷظ଴஋͸ɼ
E[S2]= E
  a  
i=1
ni(yi − xt





























N∗ = N − tr

















S2 − (a − m)ˆ σ2
e
 
Ͱ༩͑ΒΕΔ͜ͱ͕Θ͔Δɻ͜ΕΒͷਪఆྔΛ (4.3) ͷ৴པ۠ؒ IB ʹ୅ೖ͢Δͱɼඃ෴֬཰͕৴
པ܎਺ 1 − α ΑΓখ͘͞ͳͬͯ͠·͏ͷͰɼ(3.4) ͱಉ༷ʹͯ͠ zα/2 Λ zα/2(1 + (2a)−1ˆ h) Ͱௐ
੔ͨ͠৴པ۠ؒ
IAEB : xt  β2 +( 1− ˆ B)(y1 − xt
1  β2) ± zα/2{1+( 2 a)−1ˆ h}ˆ V 1/2 (4.6)
Λߟ͑Α͏ɻ͜͜Ͱɼˆ B, ˆ V ͸ͦΕͧΕ B, V ͷਪఆྔͰ (3.3) Ͱఆٛ͞ΕͨܗΛ͍ͯ͠ΔɻҎ߱ɼ
؆୯ͷͨΊʹ z = zα/2 ͱ͓͍ͯٞ࿦ΛਐΊΔɻ
(3.5) ͱಉ༷ʹͯ͠ɼ৴པ۠ؒ IAEB ͷඃ෴֬཰͸ɼ




(B − ˆ B)(y1 − xt
1β)+
 
x +(ˆ B − 1)x1




{1+( 2 a)−1ˆ h}ˆ V 1/2/V 1/2 − 1
 
Ͱ༩͑ΒΕΔɻ ˆ B ͷςʔϥʔల։ (3.7) Λ༻͍Δͱɼୈ߲̍͸
V −1/2
 
(B − ˆ B)(y1 − xt
1β)+
 
x +(ˆ B − 1)x1






















































17Ͱ͋Δɻˆ V 1/2/V 1/2 ʹରͯ͠͸ɼ(3.11), (3.12) Ͱ༩͑ΒΕΔ ˆ v1,ˆ v2 Λ༻͍ͯɼ(3.10) ͱಉ͡ܗͷ
ධՁࣜ









































−2ˆ v2 +ˆ u2
1 + z2ˆ v2
1
  
Ͱఆٛ͢Δͱɼ(3.14) ͔Β (3.15) ·Ͱͷٞ࿦͔Βɼ












a) ʹਪఆྔ ˆ σ2
e,ˆ σ2
a Λ୅ೖͯ͠ ˆ h = h(ˆ σ2
e, ˆ σ2
a) ͱ͓͘ͱɼP[θ1 ∈
IAEB]=1− α + O(a−3/2) ͱͳΓɼཁٻͨ͠৚݅ΛΈͨ͢৴པ͕۠ؒಘΒΕΔ͜ͱʹͳΔɻ






















−2ˆ v2 +ˆ u2

























































































































































a Λ༻͍ͨ ρ ͷਪఆྔ͸ ˆ ρ =ˆ σ2
a/ˆ σ2
e Ͱ͋Γɼ͜ΕΛ h∗(ρ)
ʹ୅ೖ͢Ε͹৴པ۠ؒ IAEB ͕ߏ੒Ͱ͖ͨ͜ͱʹͳΔɻIAEB ͷதͷ ˆ B ͸ ˆ B(ˆ ρ) = (1 + n1ˆ ρ)−1
Ͱ͋Δ͜ͱΛࢥ͍ग़͢ͱɼҎ্ͷ݁Ռ͸࣍ͷ໋୊ͱͯ͠·ͱΊΒΕΔɻ
໋୊ 4.2 (4.6) Ͱ༩͑ΒΕΔ৴པ۠ؒ IAEB ͸ɼ



















ͱද͞Εͯɼa →∞ͷͱ͖ʹ P[θ1 ∈ IAEB]=1− α + O(a−3/2) ͱͳΔɻ

















Λ༻͍ͯ ρ Λਪఆͨ͠ํ͕Α͍ɻ͜ͷଧͪ੾ΓਪఆྔΛ༻͍Δͱ, ৴པ۠ؒ͸

























a→∞E[−2ˆ v2 +ˆ u2




















































































































































i(  β2 − β)
 2 2 
=E







i(  β2 − β)]2
 2 
=E






  a  
i=1
ni[xt















i, zi = yi − xt





























































































































͕ಘΒΕΔɻ͜ΕΒͷ஋͸ୈ̏અͰ༩͑ΒΕͨ΋ͷ (3.25) ʹ౳͍͠ͷͰɼI1, I2 ͸ͦΕͧΕ (3.26),
(3.27) Ͱ༩͑ΒΕΔ΋ͷʹҰக͢Δɻ
I3 ʹ͍ͭͯ͸ɼ
E[(  β2 − β)(  β2 − β)t]=A−1  
i,j
nixiE[zizj]njxt







I3 ={x +( B − 1)x1}t lim
a→∞
aE[(  β2 − β)(  β2 − β)t]{x +( B − 1)x1}








{x +( B − 1)x1} (4.11)
ͱͳΔɻ












։͠ɼͦΕͧΕʹ͍ͭͯධՁ͢Δɻ͜͜ͰɼI41 = lima→∞ aE[(ˆ σ2
e−σ2
e)2z2







































































































































































































































e ͱ z1,...,z a ͱͷಠཱੑ͔Βɼ







{x +( B − 1)x1}t(  β2 − β)
 
































ͱॻ͖׵͑Δ͜ͱ͕Ͱ͖Δɻ͜ΕΛ z1 ͱͦΕҎ֎ͷ߲ʹ෼͚ͯධՁ͍ͯ͘͠ͱɼI5 =0ͱͳΔ͜
ͱ͕͔֬ΊΒΕΔɻҎ্ͷܭࢉ݁ՌΛ (4.9) ʹ୅ೖ͢Δͱɼ໋୊ 4.1 ͷࣜΛಘΔ͜ͱ͕Ͱ͖Δɻ
225 ਺஋࣮ݧͱԠ༻ྫ
5.1 ਺஋࣮ݧ݁Ռ
ୈ 2 અٴͼୈ 3 અͰఏҊ͞Εͨ৴པ۠ؒʹؔͯ͠ɼඃ෴֬཰ͱ৴པ۠ؒͷ௕͞ʹ͍ͭͯͷ਺஋
࣮ݧͷ݁ՌΛ༩͑Δɻ਺஋࣮ݧͰ͸ɼ(2.1) Ͱ༩͑ΒΕΔมྔޮՌϞσϧʹ͓͍ͯɼ܈ͷݸ਺ a Λ
5 ͔Β 40 ·Ͱ૿Ճͤͨ͞ͱ͖ͷ৴པ۠ؒͷڍಈΛௐ΂͍ͯΔɻௐ΂Δ৴པ۠ؒ͸ɼ(3.2) Ͱ༩͑
ΒΕͨܦݧϕΠζ৴པ۠ؒ IEB ͱɼͦΕΛ઴ۙิਖ਼ͨ͠৴པ۠ؒ ITR Ͱ͋ΓɼITR ͸ (3.20) Ͱ
༩͑ΒΕ͍ͯΔɻ͜͜Ͱ͸؆୯ͷͨΊʹ IEB, ITR ͸ͦΕͧΕ EB, TR Ͱද͞Ε͍ͯΔɻ৴པ܎
਺͸ 95%ɼ͢ͳΘͪ α =0 .05 ͱ͢Δɻ܈಺ඪຊͷ਺ ni ͸, ͦΕͧΕฏۉ 10 ͷϙΞιϯ෼෍ʹ
ج͍ͮͯൃੜͤ͞Δɻ·ͨ܊಺෼ࢄ͸ σ2
e =1ͱ͠ɼ܈ؒ෼ࢄʹ͍ͭͯ͸ σ2
a =0 .5, 1.0, 2.0 ͷ৔
߹͕ௐ΂ΒΕɼฏۉ µ ʹ͍ͭͯ͸ҰൠੑΛࣦ͏͜ͱͳ͘ µ =0ͱ͍ͯ͠Δɻ10,000 ճͷγϛϡ
Ϩʔγϣϯ࣮ݧʹج͍ͮͨ݁Ռ͕ҎԼͰ༩͑ΒΕΔਤͷதͰࣔ͞Ε͍ͯΔɻ
ਤ 1, 2, 3 ͸ɼͦΕͧΕ σ2
a = ρ ͕ 0.5. 1.0, 2.0 ͷͱ͖ͷ৴པ۠ؒ IEB ͱ ITR ͷඃ෴֬཰ͷڍ
ಈΛ͍ࣔͯ͠Δɻ͜ΕΒͷਤΛͳ͕ΊͯΈΔͱɼEB ʹൺ΂ͯ TR ͷඃ෴֬཰͸৴པ܎਺ 0.95 ʹ
͍ۙ஋Λ༩͓͑ͯΓɼ઴ۙิਖ਼ͷޮՌ͕ΈͯͱΕΔɻa ͕খ͍͞ͱ͖ʹ͸ɼEB ͷඃ෴֬཰͕͔ͳ
Γখ͘͞ͳ͍ͬͯΔҰํɼTR ͷඃ෴֬཰͸૬౰վળ͞Ε͓ͯΓɼಛʹ σ2
a =0 .5 ͷͱ͖ͷਤ 1 ͔
Β͸ɼTR ʹ͓͚Δ઴ۙิਖ਼͸༗ޮʹಇ͍͍ͯΔ͜ͱ͕Θ͔Δɻ
ਤ 4 ͸ɼ܈ͷݸ਺ a Λ 30 ʹݻఆ͠ɼ܈ؒ෼ࢄ σ2
a Λ 0.5 ͔Β 4.0 ·ͰมԽͤͨ͞ͱ͖ͷ༷ࢠ
Λඳ͍ͨ΋ͷͰ͋ΔɻTR ʹΑΔ EB ͷվྑ͸ɼσ2
a ͕খ͍͞ͱ͖ʹݦஶʹݱΕ͍ͯΔ͕ɼσ2
a ͕େ
͖͘ͳΔʹͭΕͯ TR ͱ EB ͱͷࠩ͸খ͘͞ͳͬͯ͘Δɻ












ਤ 1: ܦݧϕΠζ৴པ۠ؒ (EB) ͱิਖ਼ޙͷ৴པ۠ؒ (TR) ͷඃ෴֬཰
(σ2
a =0 .5, σ2
e =1ͷ৔߹Ͱ, a ͸ 5 ͔Β 40 ͷൣғ)
࣍ʹɼ઴ۙิਖ਼Λߦͬͨ৴པ۠ؒ ITR ͱ௨ৗͷ t-෼෍ʹج͍ͮͨ৴པ۠ؒͷ௕͞Λൺֱͯ͠Έ























ਤ 2: ܦݧϕΠζ৴པ۠ؒ (EB) ͱิਖ਼ޙͷ৴པ۠ؒ (TR) ͷඃ෴֬཰
(σ2
a =1 ,σ2
e =1ͷ৔߹Ͱ, a ͸ 5 ͔Β 40 ͷൣғ)










ਤ 3: ܦݧϕΠζ৴པ۠ؒ (EB) ͱิਖ਼ޙͷ৴པ۠ؒ (TR) ͷඃ෴֬཰
(σ2
a =2 ,σ2
e =1ͷ৔߹Ͱ, a ͸ 5 ͔Β 40 ͷൣғ)










ਤ 4: ܦݧϕΠζ৴པ۠ؒ (EB) ͱิਖ਼ޙͷ৴པ۠ؒ (TR) ͷඃ෴֬཰
(a = 30, σ2
e =1ͷ৔߹Ͱ, σ2
a = ρ ͸ 0.1 ͔Β 4.0 ͷൣғ)
Ͱ༩͑ΒΕΔɻͨͩ͠ɼtα/2 ͸ࣗ༝౓ N −a ͷ t-෼෍ͷ্ଆα/2 ఺Λද͍ͯ͠Δɻ৴པ۠ؒ ITR
͸ɼI0 ʹൺ΂ͯ͸ͨͯ͠৴པ۠ؒͷ෯͸୹͘ͳ͍ͬͯΔͩΖ͏͔ɻਤ 5 ͸ɼ৴པ۠ؒͷ௕͞ͷൺ
|ITR|/|I0| Λɼԣ࣠ʹݸ਺ a ͷ஋Λͱͬͯඳ͍ͨ΋ͷͰɼσ2
a = ρ ͕ 0.5, 1.0, 2.0 ͷ̏௨Γͷ৔߹ʹ
͍ͭͯࣔ͞Ε͍ͯΔɻҰൠʹ a ͕খ͘͞ͳ͍ͱ͖ʹ͸ɼITR ͷ௕͞͸ɼI0 ΑΓ୹͘ͳΔ܏޲ʹ͋
Δ͜ͱ͕Θ͔Δɻಛʹ σ2
a =0 .5 ͷ৔߹ʹ͸ɼa ≤ 13 ͷͱ͖ ITR ͷํ͕௕͘ͳΔ΋ͷͷɼa ≥ 14
ʹରͯ͠͸͔ͳΓ୹͘ͳ͍ͬͯΔɻσ2
a =0 .5 ͷͱ͖ʹɼ৴པ۠ؒͷ௕͞Λ୹͔ͯ͘͠͠΋৴པ܎




෺݅ʹ͍ͭͯ 2001 ೥ʹެද͞Εͨ 1m2 ౰ͨΓͷ஍ՁެࣔՁ֨Ͱ͋Δɻ֤ӺΛ̍ͭͷখ஍Ҭͱߟ
͑ɼ·ͨ i ൪໨ͷӺΛ࠷دΓӺͱ͢Δ෺݅ͷσʔλΛͦͷখ஍Ҭ͔ΒͱΒΕͨσʔλͱߟ͑ͯɼͦ
ͷݸ਺Λ ni Ͱද͢ɻখ஍Ҭͷ૯਺͸ a =6 6Ͱ͋Γɼni ͸ 1 ͔Β 19 ·ͰෆۉҰͳ஋Λͱ͍ͬͯ
Δ͕ฏۉ 4 ఔ౓Ͱ͋Δɻ֤஍ՁެࣔՁ֨Λର਺ม׵ͨ͠΋ͷΛ yij ͱ͠ɼ(4.1) ʹରԠ͢ΔϞσϧ
yij = β0 + x1iβ1 + x2ijβ2 + αi + εij
Λ૝ఆͯ͠ΈΔɻ͜͜Ͱɼڞมྔ x1i ͸ i ൪໨ͷӺ͔Β౦ژӺʹ౸ண͢Δͷʹཁ͢Δ࣌ؒɼx2ij





j=1(xij − xi)(xij − xi)t ͷϥϯΫ͸ 1 ͱͳΔͷͰɼ(4.4) ͷ ˆ σ2
e ʹ͓͚Δ λ
͸ λ =2ͱͳΔ͜ͱʹ஫ҙ͢Δɻ͜ͷϞσϧʹ͓͍ͯɼӺ (খ஍Ҭ) ͝ͱʹฏۉతͳ஍ՁެࣔՁ֨
θi = β0 + x1iβ1 + x2iβ2 + αi
ͷ 95% ৴པ۠ؒΛߏ੒ͯ͠ΈΑ͏ɻ












ਤ 5: ิਖ਼ޙͷ৴པ۠ؒ (TR) ͷ෯ͱ t-෼෍ʹجͮ͘৴པ۠ؒͷ௕͞ͷൺֱ
(σ2
e =1Ͱ, σ2
a = ρ ͸ 0.5, 1.0, 2.0 ͷ৔߹Ͱ, a ͸ 5 ͔Β 40 ͷൣғ)
ද 1: ژ඿ٸߦઢԊઢͷ෺݅ͷ 1m2 ౰ͨΓͷӺ͝ͱͷฏۉՁ֨
( ni ͸ i ൪໨ͷӺΛ࠷دΓӺͱ͢Δ෺݅ͷݸ਺Λද͠ɼ̎ͭͷ৴པ۠ؒͷࠨ୺ɼӈ୺ɼதԝͷ஋
ٴͼ৴པ۠ؒͷ௕͕͞ҎԼͰ༩͑ΒΕΔɻ)
ิਖ਼ࡁΈܦݧϕΠζ৴པ۠ؒ (TR) t-෼෍ʹج͍ͮͨ৴པ۠ؒ (t-CI)
No. ࠷دΓӺ ni ࠨ୺ ӈ୺ தԝ ௕͞ ࠨ୺ ӈ୺ தԝ ௕͞
1 ਆಸ઒ 1 258151 404497 331324 146346 149560 451440 300500 301880
2 ށ෦ 3 295788 416232 356010 120444 278360 452640 365500 174280
3 ೔ϊग़ொ 4 275984 376208 326096 100224 252130 403070 327600 150940
4 ԫۚொ 3 270222 380217 325220 109995 249110 423390 336250 174280
5 ೆଠా 2 283480 416607 350044 133126 275940 489400 382670 213460
6 ሯ෩Ӝ 2 239115 351371 295243 112256 193600 407060 300330 213460
7 ਿా 2 210259 308970 259615 98710 132270 345730 239000 213460
8 ژٸ෋Ԭ 8 207378 262708 235043 55330 174750 281480 228115 106730
9 ೳݟ୆ 11 221305 272011 246658 50705 202240 293260 247750 91020
10 ۚ୔จݿ 6 225550 294283 259917 68733 199520 322760 261140 123240
11 ௥඿ 7 181425 232931 207178 51506 140830 254920 197875 114090
12 ژٸాӜ 3 163570 230153 196861 66582 92860 267140 180000 174280
13 ҆਑௩ 3 153921 216598 185260 62676 79610 253890 166750 174280
14 ҳݟ 4 156185 212926 184555 56740 102930 253870 178400 150940
15 ࣚೖ 2 167644 246372 207008 78728 91270 304730 198000 213460
16 ԣਢլதԝ 3 193222 271875 232549 78652 171860 346140 259000 174280
17 ژٸ҆Ӝ 6 198054 258409 228232 60354 188240 311480 249860 123240
18 ژٸେ௡ 3 172784 243141 207963 70357 121110 295390 208250 174280
19 അງւ؛ 2 172542 253596 213069 81053 113600 327060 220330 213460
20 Ӝլ 10 154894 192047 173471 37153 124000 219460 171730 95460
26(4.8) Ͱ༩͑ΒΕͨ θi ͷิਖ਼ࡁΈܦݧϕΠζ৴པ۠ؒ͸ɼ
xt
























ͷ݁Ռ΋༩͑Δ͜ͱʹ͢Δɻ͜ΕΛ t-CI Ͱද͢͜ͱʹ͢Δɻ͜ͷઅͰ༻͍ͨྫͰ͸ɼN = 262,
m =3 ,λ =1 ,a =6 6Ͱ͋Γɼਪఆ஋͸   β2 = (13.2825, −0.0146,−0.0001)t,ˆ σ2
e =0 .0345,
ˆ σ2
a =0 .0181 ͱͳͬͨɻβ1 ͕ෛͷ஋Ͱ͋Δ͜ͱ͔Βɼ౦ژӺ͔Βԕ͘ͳΔʹͭΕͯ஍ՁެࣔՁ֨͸௿




ද 1 ͸ɼਆಸ઒Ӻ͔ΒӜլӺ·Ͱͷ 20 Ӻʹ͍֤ͭͯӺͷσʔλ਺ ni ͱ θi ʹର͢Δ৴པ۠ؒ
TR, t-CI ͷࠨ୺ɼӈ୺ͷ఺ɼதԝͷ఺ٴͼ৴པ۠ؒͷ௕͞Λ༩͍͑ͯΔɻ͜͜Ͱɼyij ͷ஋͸஍
ՁެࣔՁ֨Λର਺ม׵͍ͯ͠ΔͷͰɼθi ͷ৴པ۠ؒΛٻΊͨޙʹࢦ਺ม׵Λߦͬͯݩͷεέʔϧ
ʹ໭ͨ͠஋͕ɼද 1 Ͱ༩͑ΒΕΔ৴པ۠ؒͷ྆୺ͷ஋Ͱ͋Δ͜ͱʹ஫ҙ͓ͯ͘͠ɻ
ද 1 ͷܭࢉ݁ՌΛάϥϑΛ༻͍ͯઆ໌ͨ͠ͷ͕ਤ 6, 7, 8 Ͱ͋Δɻਤ 6 ͸ɼTR ͱ t-CI ͷ৴པ
۠ؒͷ྆୺ͷ఺ΛɼӺ No.1 ͔Β No.20 ·ͰΛԣ࣠ʹͱͬͯϓϩοτ͠௚ઢͰ݁Μͩ΋ͷͰ͋Δɻ
TR ͷํ͕ t-CI ΑΓ΋৴པ۠ؒͷ෯͕ڱ͘ͳΔ͚ͩͰͳ͘ɼΑΓ҆ఆͨ۠ؒ͠Λ༩͍͑ͯΔ͜ͱ
͕Θ͔Δɻਤ 7 ͸, ৴པ۠ؒͷ௕͞ͱ֤࠷دΓӺͷখ஍Ҭʹଐ͢Δඪຊͷ਺ ni ͱͷؔ܎Λઆ໌͠
ͨ΋ͷͰ͋Δɻt-CI ͷ௕͞͸ɼni ͕େ͖͚Ε͹খ͘͞ͳΔ΋ͷͷ, ni ͕খ͍͞ͱ͖ʹ͸͔ͳΓେ
͖͘ͳ͍ͬͯΔɻ͜Εʹରͯ͠ɼTR ͷ௕͞͸ɼجຊతʹ͸ಉ͡܏޲ੑ͕͋Δ΋ͷͷɼni ͕খ͞
ͯ͘΋ t-CI ΑΓ΋͸Δ͔ʹ҆ఆͨ͠৴པ۠ؒͷ௕͞Λ༩͍͑ͯΔɻਤ 8 ͸ɼ̎ͭͷ৴པ۠ؒʹͭ
͍ͯɼͦΕͧΕͷ۠ؒͷத఺ͷ஋ͱ ni ͱͷؔ܎Λઆ໌ͨ͠΋ͷͰ͋Δɻ۠ؒͷத఺͸఺ਪఆ஋ͱ
ͯ͠༻͍ΒΕΔ͕ɼܦݧϕΠζਪఆ஋ (TR ͷத఺) ͸, ni ͕େ͖͍ͱ͖ʹ͸ඪຊฏۉ (t-CI ͷத
఺)ʹ͍ۙ༩͑ΔҰํɼni ͕খ͍͞ͱ͖ʹ͸ xt




͜͜Ͱ͸ɼ(2.5) ΋͘͠͸ (4.5) Ͱ༩͑ΒΕͨ౷ܭྔ S2 ʹ͍ͭͯɼͦͷ෼෍ʹؔ͢Δදݱࣜ
ͷઆ໌ͱ஫ҙΛ༩͑Δɻ·ͣɼεΧϥʔ·ͨ͸ߦྻ A1,...,A a ʹରͯ͠ه߸ {dAi} Λ {dAi} =





































End Points of TR 
End Points of t−CI 
ਤ 6: ิਖ਼ޙͷ৴པ۠ؒ (TR) ͱ t-෼෍ʹجͮ͘৴པ۠ؒ (t-CI) ͷ྆୺ͷ஋ͷൺֱ
(No.1 ͔Β No.20 ·Ͱͷ֤ӺΛԣ࣠ʹฒ΂͍ͯΔɻ)









ਤ 7: ิਖ਼ޙͷ৴པ۠ؒ (TR) ͱ t-෼෍ʹجͮ͘৴པ۠ؒ (t-CI) ͷ௕͞ͱ ni ͱͷؔ܎
(ni ͷ஋ʹ͍ͭͯ͸ɼॎ࣠ͷ̍ϝϞϦ(10000 ʹ૬౰) ͕ ni =1ʹରԠ͢Δɻ)










ਤ 8: ิਖ਼ޙͷ৴པ۠ؒ (TR) ͱ t-෼෍ʹجͮ͘৴པ۠ؒ (t-CI) ͷதԝ஋ͱ ni ͱͷؔ܎
(ni ͷ஋ʹ͍ͭͯ͸ɼॎ࣠ͷ̍ϝϞϦ(10000 ʹ૬౰) ͕ ni =1ʹରԠ͢Δɻ)





u =( u1,...,u a)t ͱ͓͖ɼα =( α1,...,α a)t ͱ͓͘ͱɼ
{d
√
ni}(y1,...,ya)t = u + {d
√
ni}α
ͱද͞ΕΔɻ·ͨ K ͕ۊ౳Ͱ͋Δ͜ͱ͔Βɼa × a ௚ަߦྻ P ͕ଘࡏͯ͠





P = P t
1P 1
ͱॻ͚Δɻͨͩ͠ P t =( P t
1,P t
2) Ͱ͋ΓɼP 1 ͸ (a − m) × a ͷߦྻͰ͋Δɻu ∼N(0,σ2
eIa),
α ∼N(0,σ2
aIa) ΑΓɼP 1(u + {d
√
ni}α) ͷ෼෍͸ɼ


















































29ͱද͞ΕΔɻz ∼N(0,Ia) ʹै͏͜ͱ͔ΒɼztE1z,...,ztEa−mz ͸ޓ͍ʹಠཱʹ χ2
1 ෼෍ʹै
͏͜ͱ͕Θ͔Δɻ
࠷ޙʹɼݻ༗஋ γi ͷ࠷େ஋͕ maxi ni Ͱ཈͑ΒΕΔ͜ͱΛࣔ͢ɻP t =( Pt
1,Pt
2) ͸௚ަߦྻͰ




1 P 1{dni}P t
2
P 2{dni}P t
1 P 2{dni}P t
2
 
ʹ͓͍ͯɼγ1,...,γ a−m ͸෦෼ߦྻ P 1{dni}Pt
1 ͷݻ༗஋ͱͳ͍ͬͯΔ͜ͱʹ஫ҙ͢Δɻैͬͯɼ
maxini ≥ maxj γj Λࣔͨ͢Ίʹ͸ɼ෦෼ߦྻͷ࠷େݻ༗஋͕ݩͷߦྻͷ࠷େݻ༗஋ҎԼʹͳΔ
͜ͱΛࣔͤ͹Α͍ɻ࣮͸ɼ͜ͷ͜ͱ͸ Rao-Rao (1998) Ͱ༩͑ΒΕͨ࣍ͷ໋୊͔Βै͏͜ͱ͕Θ
͔Δɻ






ͱ෼ׂ͞Ε͍ͯΔͱ͢Δɻ͜ͷͱ͖ɼA ͷ࠷େݻ༗஋͸ B ͷ࠷େݻ༗஋Ҏ্ʹͳΔɻ
ূ໌͸ҎԼͷΑ͏ʹͯ͠؆୯ʹͳ͞ΕΔɻv1 Λ B ͷ࠷େݻ༗஋ β1 ʹରԠ͢Δج४Խ͞Εͨ




ΛΈͨ͢͜ͱ͕Θ͔ΔɻҰํ, w1 ͸ A ͷ࠷େݻ༗஋ α1 ʹରԠ͢Δݻ༗ϕΫτϧͱ͸ݶΒͳ͍ͷ
Ͱ, α1 ≥ wt
1Aw1 = vt
1Bv1 = β1 ͱͳΓɼ໋୊͕͔֬ΊΒΕΔɻ
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